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System and Method for a Self-Adjusting Data Strobe 



Inventor: William M. Gervasi 



Background of the Invention 



1. Field of the Invention 

The present invention relates to data processing system interfaces, 
and more specifically, to data capture systems using data strobes to capture 
a data signal. 

2. Description of the Related Art 

The use of a data strobe to capture a data signal is known. 
Conventional data capture systems input 'data signals into a data latch and 
a data strobe signal triggers the data latch to capture the data at the edge of 
that data strobe signal. The data output from the data latch is a latched 
data signal. 

Figure 1 illustrates one problem associated with conventional data 
capture systems using a data strobe signal. A data capture system includes 
a data input line 110, a data strobe line 120, a data latch 130, and a data 
output line 140. The data input line 110 and the data strobe line 120 are 
coupled to inputs of the data latch 130. The data output line 140 is coupled 
to the output of the data latch 130. 
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The data latch 130 receives a data input signal 115a along the data 
input line 110 and a data strobe signal 125 along the data strobe line 120. 
Valid data is latched for output along the data output line 140 when the 
data strobe signal 125 is triggered within a window of opportunity, i.e., 
5 when the data strobe signal 125 captures valid data input signal 1 15a. No 
data is latched, however, when the data strobe signal 125 is triggered and 
the data is either too early 1 15b or too late 1 15c. 



Conventional data capture systems as in Figure 1 have a window to 
capture valid input data that may drift, either forward or backward, over 



2 j 10 time relative to when the data strobe signal 125 triggers the input latch to 



latch the input data signal 115a. An input data signal 115a that drifts 
forward is considered a late input data signal 1 15c and an input data signal 
115a that drifts backward is considered an early input data signal 115b. 
The drift of the input data signal 115a may result in the capture of invalid 



15 input data because there is no data present to latch when the data strobe 
signal triggers the data latch. 

To account for the data drift, conventional data capture systems 
constantly undergo a recalibration process. Generally, the recalibration 
process consists of timing the conventional data capture system at two 
20 points of failure and selecting a point inbetween as the point where the data 
strobe signal triggers the data latch to capture the input data. For the 
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recalibration process, typically, a first point of failure is where data is late 
and a second point of failure is where the data is early. The constant timing 
of the failure points as a result of the recalibration process causes longer 
throughput delays that result in decreasing overall system performance. 

Other conventional data capture systems use a programmable delay 
to account for data drift. Data capture systems using a programmable delay 
provide a data strobe signal to continually capture input data until invalid 
data is detected. If invalid data is received by the system, the data capture 
system is stopped, backed up, and retried to capture data input by 
providing a data strobe signal at another point. 

A problem with the programmable delay is a decrease in system 
performance because of stopping and starting the data capture system every 



time data drifts. Moreover, such data capture systems often capture invalid 
input data even after invalid data is detected because the system may be 
unable to determine where to back up and retry the data capture process. 

Another problem with a programmable delay is data inaccuracy. Data 
inaccuracy occurs because the data processing system is unaware of what 
data is to be received so that it is incapable of accurately stopping the data 
capture system and retrying the data capture process. 



Case 2864 



# 



18235/02864/652561 
PATENT 



10 



15 



Some conventional data capture systems use no delays to account for 
data drift. These conventional data capture systems do not adjust the data 
strobe signal, but rather slow the data capture system. Slowing the data 
capture system increases the window of opportunity to capture input data 
making it large enough so that data does not drift outside that window of 
opportunity. Conventional data capture systems, such as programmable 
clock delay select systems, include complex circuit matrices and hardware 
logic to alter circuit routing to accommodate the necessary system delay to 
obtain a larger window of opportunity. 

Such conventional systems, of course, decrease data capture speed. 
Further, in such conventional systems there is an increase in hardware 
costs resulting from the increased, and more complex, implementing 
hardware. Moreover, there is an increase in system testing costs as the 
data capture system must be tested against, and custom fit with, each and 
every associated hardware component that interacts with the data capture 
system. 

Therefore, there is a need for a system and a method that (1) captures 
input data by strobing an input data signal only once, (2) provides an early 
warning detection system to adjust the data strobe points before data drifts 
outside a window of opportunity, (3) provides an early warning detection 
system to indicate when data is on the verge of failure, and (4) is flexible for 
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use with a variety of associated hardware components that interact with 
data capture systems. 

Summary of the Invention 

A system and a method of the present invention allows for the capture 
of an input data signal on a single strobe signal while providing an early 
warning detection system against input data drift and system failures. A 
data capture system of the present invention includes an input data line, a 
data early latch, a data on-time latch, a data late latch, a first data 
comparator, a second data comparator, a latched data line, a first 
comparator data line, a second comparator data line, a delay controller, a 
first delay block, a second delay block, a third delay block, and a data 
strobe line. 

The input data line is coupled to each data latch. The early data latch 
and the data on-time latch are coupled to the first data comparator. The 
data on-time latch and the data late latch are coupled to the second data 
comparator. The first data comparator line is coupled to the first data 
comparator and the second data comparator line is coupled to the second 
data comparator. Both data comparator lines are coupled to the delay 
controller. The delay controller is coupled to each of the data delay blocks. 
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The data strobe line is coupled to the first delay block. The data on- 
time latch is coupled to the latched data line. Each of the delay blocks is 
coupled to the latches. Specifically, the first delay block is coupled to the 
data early latch, the second delay block is coupled to the data on-time latch, 
5 and the third delay block is coupled to the data late latch. In addition, the 
first delay block is coupled to the second delay block, which, in turn, is 
coupled to the third delay block. 

When an input data signal is received along the input data line, it is 
passed on to each of the data latches. Each data latch outputs the data 
10 based upon a strobe signal received from the associated delay block. The 
result is oversampling the input data signal to determine whether the input 
data signal is early, on-time, or late. The data-capture system outputs the 
latched data along the latched data line. 

It is noted that the data strobe signals from each of the delay blocks 
15 may be spaced at any interval and their timing is based on the data capture 
system frequency. The primary purpose of these strobe signals is to provide 
the timing for latching the input data. In a preferred embodiment, each 
data latch is able to latch the input data signal at some point where there is 
a valid data value. 
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The data early latch and the data late latch provide the early warning 
system for the data capture system. Specifically, the first data comparator 
compares the data from the data early latch with the data from the data on- 
time latch to determine whether the data is equal or not equal, i.e., whether 
5 both latches have or have not captured valid data. If the data is not equal, 
the delays are increased so that there is a greater delay in triggering the 
data strobe signals. No adjustment is made in triggering the data strobe 
signals if the compared data is found to be equal. 

Similarly, the second data comparator compares the data from the 
10 data late latch with the data on-time latch. Again, the data is checked for 
data being equal or not equal. If the data is not equal, the delays are 
decreased so that there is a lesser delay in triggering the data strobe 
signals. Again, no adjustment is made in triggering the data strobe signals 
if the compared data is found to be equal. 

15 The delay less or the delay more signals are forwarded to delay 

control, which determines how much to further delay each of the stages 
with respect to the delay block. These delays determine when the 
associated data strobe signals are triggered. Once again, it is noted that the 
result of the data compare may be zero, such that no delay is necessary to 

20 be introduced and the data strobe signals continue to be triggered at the 
same intervals. 
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The present invention offers an advantage of guaranteed data capture. 
The present invention also offers an advantage of increased system 
performance that, because of tighter design specifications, provides the 
ability to operate at higher frequencies. In addition, the present invention 
5 beneficially eliminates the requirement of programming a data capture 
system at particular intervals for adjustments to account for inconsistent 
chip voltages or chip temperatures that cause delays or data drift. 

The features and advantages described in the specification are not all 
inclusive and, in particular, many additional features and advantages will 
10 be apparent to one of ordinary skill in the art in view of the drawings, 
specification, and claims. Moreover, it should be noted that the language 
used in the specification has been principally selected for readability and 
instructional purposes, and may not have been selected to delineate or 
circumscribe the inventive subject matter. 

15 Brief Description of the Drawings 

Figure 1 is a prior art diagram of data passing through a conventional 
data capture system at different intervals; 

Figure 2 is a block diagram of a data processing system, including a 
data capture system, in accordance with the present invention; 
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Figure 3 is a block diagram of a data capture system in accordance 
with the present invention; 

Figure 4 is a flow diagram for monitoring input data captured in a 
data capture system in accordance with the present invention; 

Figure 5 is a timing diagram illustrating capture of an input data 

r 

signal at various time intervals in the data capture system in accordance 
with the present invention; 

Figures 6a, 6b, and 6c are block diagrams of three embodiments of a 
delay controller in accordance with the present invention; and 

Figure 7 is a flow diagram of operation of an embodiment of a delay 
controller in accordance with the present invention. 

Detailed Description of the Preferred Embodiments 

A preferred embodiment of the present invention will be described 
with reference to the Figures, where like reference numbers indicate 
identical or functionally similar elements. The present invention includes a 
data capture system that includes plurality of latches and a plurality of 
delay elements for adjusting when an input data signal is latched within the 
data capture system. 
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Figure 2 is a block diagram of a data processing system 250 in 
accordance with the present invention. The data processing system 250 
includes a data capture system 200, a data bus system 210, and a 
peripheral system 220. The data bus system 210 is coupled to one or more 
inputs of the data capture system 200 and the peripheral system 220 is 
coupled to one or more outputs of the data capture system 200. The data 
bus system 210 may be a conventional data bus system such as a personal 
computer system data bus, for example. The peripheral system 220 may be 
a conventional peripheral bus such as a computer memory, for example. 

Generally, a data signal from the data bus system 2 10 is received as 
an input data signal by the data capture system 200. The data capture 
system captures, or latches, the input data signal. The latched data signal 
is then received by the peripheral system 220. 

t 

Figure 3 is a block diagram of the data capture system 200 in 
accordance with the present invention. The data capture system 200 
includes an input data line 305, a first or data on-time latch 310, a second 
or data early latch 315, a third or data late latch 320, a first data 
comparator 325a, a second data comparator 330a, a first comparator data 

» 

line 325b, a second comparator data line 330b, a latched data line 335, a 
delay controller 340, a first delay block 345a, a second delay block 350a, a 
third delay block 355a, a first delay control line 345b, a second delay 
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control line 350b, a third delay control line 355b, a first data strobe line 
345c, a second data strobe line 350c, a third data strobe line 355c, and a 
data strobe source line 360. 

The input data line 305 is coupled to each data latch 310, 315, 320. 
The data early latch 315 and the data on-time latch 310 are coupled to the 
first data comparator 325a: The data on-time latch 310 and the data late 
latch 320 are coupled to the second data comparator 330a. The data on- 
time latch 310 is also coupled to the latched data line 335. The first data 
comparator line 325b is coupled to the first data comparator 325a. The 
second data comparator line 330b is coupled to the second data comparator 
330a. Both data comparator lines 325b, 330b are coupled to the delay 
controller 340. The delay controller 340 is coupled to each of the data delay 
blocks 345a, 350a, 355a through the respective delay control line 345b, 
350b, 355b. 

The data strobe source line 360 is coupled to the first delay block 
345a. In addition, the first delay block 345a is coupled to the second delay 
block 350a that, in turn, is coupled to the third delay block 355a. Each 
delay block 345a, 350a, 355a is coupled to a data latch 315, 310, 320. 
Specifically, the first delay block 345a is coupled to the data early latch 315 
through the first data strobe line 345c. The second delay block 350a is 
coupled to the data on-time latch 310 through the second data strobe line 
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350c. The third delay block 355a is coupled to the data late latch 320 
through the third data strobe line 355c. 

Operation of the data capture system 200 may be described through 

* 

Figures 4 and 5. Specifically, Figure 4 is a flow diagram for monitoring 
5 input data captured in the data capture system 200 in accordance with the 
present invention. Figure 5 is a timing diagram illustrating capture of an 
input data signal at various time intervals in the data capture system 200 in 
accordance with the present invention. 

Once the data capture system 200 starts 405 operation, input data 
10 signals are received 410 along the data input line 305. It is noted that the 
input data signal may have a waveform similar to a latched data signal 530 
as illustrated in Figure 5, for example. As the input data signal is received 
410 at each data latch 310, 315, 320, a particular data strobe signal is also 
received 415 at each latch. 

15 Specifically, the first delay block 345a receives a single^source data 

strobe signal along the data strobe source line 360. The single source data 
strobe signal is delayed by the first delay block 345a to generate a first data 
strobe signal 515. The data early latch 315 receives the first data strobe 
signal 515 along the first data strobe line 345c at one point in time. 
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The second delay block 350a also receives the first data strobe signal 
515. The second delay block 350a generates a second data strobe signal 
510. The data on-time latch 310 receives the second data strobe signal 510 
along the second data strobe line 350c at another point in time. 

The third delay block 355a also receives the second data strobe signal 
510. The third delay block 355a generates a third data strobe signal 520. 
The data late latch 320 receives the third data strobe signal 520 along the 
third data strobe line 355c at yet another point in time. 

As each data strobe signal 510, 515, 520 is received at the respective 
data latch 310, 315, 320, the input data signal is captured, or latched, by 
that data latch 310, 315, 320 when the data strobe signal 510, 515, 520 is 
triggered (e.g., the signal rises from logic "0" to logic "V or, alternatively, 
vice versa). Each data latch 310, 315, 320 latches data where the data 
strobe signal 510, 515, 520 is triggered and where the data is valid, i.e., 
where there is a valid value of the input data signal that is captured. Thus, 
the present invention oversamples the input data signal by using more than 
one data latch 310, 315, 320 to latch the input data signal at three separate 
occurrences in time or three separate locations along the input data signal. 

Figure 5 illustrates effects of data drift and a relationship between 
valid latched data and data that may be compromised. Each data latch 
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310, 315, 320 latches 420 the input data signal at different time intervals. 
If each data latch 310, 315, 320 latches a valid part of the input data signal, 
the latched data along the latched data line is considered to be an on-time 
latched data signal 530. 

Further, the first data comparator 325a compares 425 the latched 
data signal from the data early latch 315 and the data on-time latch 310 
and determines 430 whether the output latched signal from each of these 
data latches 315, 310 is equal. When both data latches 315, 310 capture 
valid data, such as the latched on-time data 530, the outputs are equal and 
no adjustment of the data strobe signals is necessary. 

Similarly, the second data comparator 330a compares 425 the latched 
data signal from the data late latch 320 and the data on-time latch 310 and 
determines 430 whether the output latched signal from each data latch 320, 
310 is equal. Again, when both latches 320, 310 capture valid data, such 
as the latched on-time data 530, their outputs are equal. Thus, the second 
data comparator 330a does not signal for an adjustment of the data strobe 
signals. With neither the first or the second data comparators 325a, 330a 
signaling for an adjustment of the data strobe signal, the process continues, 
as described below, by determining 440 whether more data is acquired by 
the data capture system 200. 
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If the data drifts late, for example a data late signal 540, each data 
latch 310, 315, 320 may not latch 420 the late data signal 540. For 
example, the data on-time latch 310 and the data late latch 320 latch 420 
valid data of the late drifting data signal 540 when the data strobe signals 
510, 520 to these data latches 310, 320 are triggered. When the second 
data comparator 330a compares 425 the output of the data on-time latch 
310 and the data late latch 320, the output is determined 430 to be equal 
so that no adjustment 435 is made with respect to decreasing the delays of 
the data strobe signals 510, 515, 520. 

When the data drifts late 540, however, the data early latch 315 does 
not latch 420 valid data when the data strobe signal 515 to this data latch 
315 is triggered. Thus, when the first data comparator 325a compares 425 
the output of the data early latch 315 with the output from the data on-time 
latch 310, the data capture system 200 determines 430 that the latched 
signals are mismatched or not equal. In response to the mismatched data 
signals, a delay more signal is output from the first data comparator 325a. 

If the data drifts early, for example a data early signal 535, each data 
latch 310, 315, 320 may not latch 420 the early data signal 535. For 
example, the data on-time latch 310 and the data early latch 315 latch 420 
valid data of the early drifting data signal 535 when the data strobe signals 
510, 515 to these data latches 310, 315 are triggered. When the first data 
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comparator 325a compares 425 the output of the data on-time latch 310 
and the data early latch 315, the output is determined 430 to be equal so 
that no adjustment 435 is made to increase the delays of the data strobe 
signals 510, 515, 520. 

When the data drifts early 535, however, the data late latch 320 does 
not latch 420 valid data when the data strobe signal 520 to this data latch 
320 is triggered. Thus, when the second data comparator 330a compares 
425 the output of the data late latch 320 with the output from the data on- 
time latch 310, the data capture system 200 determines 430 that the 
latched signals are mismatched or not equal. In response to the 
mismatched data signals, a delay less signal is output from the second data 
comparator 330a. 

When the delay controller 340 receives a delay more or a delay less 
signal from the respective data comparators 325a, 330a, the delay controller 
340 helps adjust 435 delays associated with the data strobe signals 510, 
515, 520 accordingly. For example, if the delay controller 340 receives the 
delay more signal from the first data comparator 325a, the delay controller 
340 adjusts 435 the delays for the data strobe signals 510, 515, 520 by 
generating a delay more control signal. Specifically, the delay more control 
signal is sent to each of the delay blocks 345a, 350a, 355a along the 
respective delay control line 345b, 350b, 355b. Upon receiving a delay more 
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control signal from the delay controller 340, each delay block 345a, 350a, 
355a increases the delays between successive triggers of the data strobe 
signal 515, 510, 520 output from that delay block 345a, 350a, 355a. 

Similarly, if the delay controller 340 receives the delay less signal from 
the second data comparator 330a, the delay controller 340 adjusts 435 the 
delays for the data strobe signal by generating a delay less control signal. 
Specifically, the delay less control signal is sent to each of the delay blocks 
345a, 350a, 355a along the respective delay control line 345b, 350b, 355b. 
Upon receiving a delay less control signal from the delay controller 340, 
each delay block 345a, 350a, 355a decreases the delays between successive 
triggers of the data strobe signals 515, 510, 520 output from that delay 
block 345a, 350a, 355a. 

After receiving the latched data signal, the data capture system 200 
may have completed its data acquisition process. If the data capture system 
200 determines 440 that the process is complete, it may end operation 445. 

If, however, the data capture system continues to acquire data, the 
process continues by continuing to receive 410 the input data signal at each 
data latch 310, 315, 320. If the delay controller 340 adjusted the delays at 
each delay block 345a, 350a, 355a, then the received data strobe signal 
510, 515, 520 at each data latch will be appropriately triggered earlier or 
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later based on the delays introduced. Again, the data capture system will 
latch 420 the input data signal at each data latch 310, 315, 320, compare 
425 the data signals output from each data latch 310, 315, 320, determine 
whether the latched data signal at the early and late data signals are equal, 
and appropriately adjust the delays for the data strobe signals derived from 
the single source data strobe signal. 

The present invention advantageously oversamples the input data 
signal to virtually guarantee data capture. Oversampling the input data 
signal allows for beneficially monitoring the input data signal as a data 
strobe signal is triggered at various intervals when latching the input data 
signal. Therefore, the present invention is able to adjust the data strobe 
signals 510, 515, 520, that are derived from a single source data strobe 
signal, before a data capture failure occurs, thereby, virtually guaranteeing 
data capture. 

The present invention also provides an early correction system against 
data capture failure. The present invention tracks drifts of the input data 
signal relative to the data strobe signals 510, 515, 520 so that the data 
strobe signals 510, 515, 520 may be adjusted before there is a data capture 
failure, rather than address the data capture failure after a data failure has 
already occurred. That is, the present invention allows for continuous data 
capture even when the input data signal begins to drift because the present 
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invention advantageously corrects, or adjusts, the data strobe signals 510, 
515, 520 before data capture failure occurs. 

The present invention also allows for operation within data processing 
systems having more stringent specifications, for example, operating at 
higher frequencies or higher temperatures. Thus, the present invention can 
operate to capture data at higher frequencies without increasing the 
number of errors. Moreover, the present invention advantageously operates 
at higher frequencies even when system temperatures increase. Further 
overall system efficiency increases because of virtually guaranteed data 
capture when the input data signal is first received. 

Figures 6a, 6b, and 6c are block diagrams of three embodiments 
340a, 340b, 340c of a delay controller 340 in accordance with the present 
invention. Each embodiment of the delay controller 340 is functionally 
equivalent with respect to providing a mechanism that adjusts the delays of 
a data strobe subsystem within the data capture system 200 that generates 
multiple data strobe signals from a single source data strobe. 

Figure 6a illustrates a first embodiment of a delay controller 340a that 
includes a delay matrix 610, a first delay selector circuit 615a, a second 
delay selector circuit 615b, and a third delay selector circuit 615c. The 
delay matrix 610 is coupled to the data strobe signal line 360. Each delay 
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selector circuit 615a, 615b, 615c is coupled to the delay matrix 610. 
Further, each delay selector circuit 615a, 615b, 615c is coupled to the first 
data comparator line 325b and the second data comparator line 330b. 

The delay matrix 610 receives the data strobe signal from the data 
strobe source along the data strobe source line 360. The delay matrix 360 
generates any number of delayed versions of the source data strobe signal 
so that the delay selector circuits 615a, 615b, 615c may choose from a 
number of outputs to select the proper delays. In a preferred embodiment 
there are at least five delays. The first delay selector circuit 615a receives 
the delay more signal or delay less signal from along the first data 
comparator line 325b or the second data comparator line 330b, respectively. 

If a delay more signal is received by the data selector circuits 615a, 
615b, 615c, each data selector circuit 615a, 615b, 615c generates a shift 
right signal that is used to increase the delays of the data strobe signals. If 
a delay less signal is received by the data selector circuits 615a, 615b, 615c, 
each data selector circuit 615a, 615b, 615c generates a shift left signal that 
is used to decrease the delays of the data strobe signals. Thus, the delay 
controller 340a provides a simple, low cost, clock adjusting circuit that 
allows for robust data capture capability. 
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Figure 6b illustrates a second embodiment of a delay controller 340b 
that includes a first counter 620, a second counter 625, a first reset 
controller 630, a second reset controller 635, a first threshold register 640, 
a second threshold register 645, a first comparator 650, a second 
comparator 655, a qualified delay more signal line 660, and a qualified delay 
less signal line 665. The first data comparator line 325b is coupled to the 
first counter 620, the first reset controller 630, and the second reset 
controller 635. The second data comparator line 330b is coupled to the 
second counter 625, the first reset controller 630, and the second reset 
controller 635. 

The first reset controller 630 is coupled to the first counter 620. The 
first counter 620 and the first threshold register 640 are coupled to the first 
comparator 650. The first comparator 650 is coupled to the first reset 
controller 630 and the qualified delay more signal line 660. Similarly, the 
second reset controller 635 is coupled to the second counter 625. The 
second counter 625 and the second threshold register 645 are coupled to 
the second comparator 655. The second comparator 655 is coupled to the 
second reset controller 635 and the qualified delay less signal line 665. 

The first counter 620 may be set to increment by a value of x, where x 
is any numerical value. The value of x may be predetermined or 
preprogrammed. Further, the first threshold register 640 is also previously 
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set to y, where y is any numerical value. The value of y may be 
predetermined or preprogrammed. The first reset controller 630 resets the 
first counter 620 if a compare is detected from the first comparator 650. 
The first reset controller 630 also resets the first counter 620 if a compare is 
detected, i.e., a logic false generated by the first data comparator 325a when 
the latched data from the on-time latch 310 and the data early latch 315 is 
equal. 

Similarly, the second counter 625 may be set to increment by a value 
of m, where m is any numerical value. The value of m may be predetermined 
or preprogrammed. Further, the second threshold register 645 is also 
previously set to n, where n is any numerical value. The value of n may be 
predetermined or preprogrammed. The second reset controller 635 resets 
the second counter 625 if a compare is detected from the second 
comparator 655. The second reset controller 635 also resets the second 
counter 625 if a compare is detected, i.e., a logic false generated by the 
second data comparator 330a when the latched data from the on-time latch 
310 and the data late latch 320 is equal. 

Figure 7 is a flow diagram illustrating operation of the second 
embodiment of the delay controller 340b in accordance with the present 
invention. When the delay controller 340b receives 710 a delay more signal, 
the delay more signal is input to the first counter 620 and the first reset 
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controller 630. The first counter 620 increments 715 the value within the 
first counter 620 by x and outputs a new value to the first comparator 650. 
The first comparator 650 compares 720 the new value with the value 
received from the first threshold register 640. 

If the delay counter 340b determines 725 that the new value from the 
first counter 620 exceeds the value of the first threshold register 640, the 
first comparator 650 generates 730 a qualified delay more signal that is 
output 735 to the delay blocks 345a, 350a, 355a. The qualified delay more 
signal is a signal that is used to increase the delays of the data strobe 
signals 510, 515, 520, but is qualified on being generated based on 
exceeding the threshold value set in the first threshold register 640. If the 
delay controller 340b determines 725 that the new value from the first 
counter 620 does not exceed the value set in the first threshold register 640 
the delay controller 340b continues the process by receiving 710 the next 
delay more signal until the threshold value is exceeded. 

Similarly, when the delay controller 340b receives 710 a delay less 
signal, the delay less signal is input to the second counter 625 and the 
second reset controller 635. The second counter 625 increments 715 the 
value within the second counter 625 by m and outputs a new value to the 
second comparator 655. The second comparator 655 compares 720 the new 
value with the value received from the second threshold register 645. 
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If the delay controller 340b determines 725 that the new value from 
the second counter 625 exceeds the value of the second threshold register 
645, the second comparator 655 generates 730 a qualified delay less signal 
that is output 735 to the delay blocks 345a, 350a, 355a. The qualified delay 
5 less signal is a signal that is used to decrease the delays of the data strobe 
signals 510, 515, 520, but is qualified on being generated based on 
exceeding the threshold value set in the second threshold register 645. If 
the delay controller 340b determines 725 that the new value from the 
second counter 625 does not exceed the value set in the second threshold 
10 register 645 the delay controller 340b continues the process by receiving 
710 the next delay less signal until the threshold value is exceeded. 

The first and the second counters 620, 625 described in the second 
embodiment of the delay controller 340b provide added flexibility in 
adjusting the data strobe signals 510, 515, 520. The counters 620, 625 

t 

15 may count the number of times a delay more or delay less signal is received 
before adjusting the data strobe signals 510, 515, 520 to beneficially discern 
between the need for resetting the data strobe signals 510, 515, 520 verses 
a single occurrence of random noise, for example. Further, the counters 
620, 625 provide a data integrity detection system that tracks the number of 
20 times the threshold value is exceeded so that if it is exceeded too often data 
integrity may soon be compromised. 
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Figure 6c illustrates a third embodiment of a delay controller 640c 
that includes a logic OR latch 680 and an OR latch output line 685. The 
third embodiment of the delay controller 640c may be used in conjunction 
with either or both of the first embodiment or/ and the second embodiment 
of the delay controller 640a, 640b. The OR latch 680 is coupled to receive a 
delay more signal and a delay less signal or a qualified delay more or a 
qualified delay less signal. 

The OR latch 680 generates an interrupt signal along the OR latch 
output line 685. In one embodiment, the interrupt signal is received by an 
external device, a processor for example Once a processor accepts the 
interrupt, the software can take some action. For example, the software can 
run a diagnostic test on the circuit, implement large scale counters beyond 
that which the hardware can implement, provide an early warning when 
excessive adjustments to the data strobe signals have been detected (may 
indicate pending failure), and lower the operating frequency of the interface 
to reduce the need for adjustments to the data strobe signals. 

While particular embodiments and applications of the present 
invention have been illustrated and described, it is to be understood that 
the invention is not limited to the precise construction and components 
disclosed herein and that various modifications, changes and variations 
which will be apparent to those skilled in the art may be made in the 
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arrangement, operation and details of the method and apparatus of the 
present invention disclosed herein without departing from the spirit and 
scope of the invention as defined in the appended claims. 
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